Eight novel quinolones with anti-Helicobacter pylori activity were isolated from the actinomycete Pseudonocardia sp. CL38489. The quinolones were very potent against H. pylori with MICs up to 0.1ng/ml. The quinolones appear to be specific for H. pylori, since they did not show antimicrobial activity when tested against a panel of other microorganisms. Gastric was used to inoculate a 500-ml flask containing 100ml of Medium-1 (glucose 2%, Polypepton 0.5%, beef extract 0.3%, wheat gluten 0.5%, yeast extract 0.5%, blood meal 0.3% and CaCO3 0.4%, pH 7.1). The flask was incubated
Isolation of Quinolone Compounds
The combined broth (8 liters) of the three 6-liter fermentation vessels was freeze-dried, and the resulting powder dissolved in 4.4 liters of acetone -water (7:3). The solution was filtered and the filtrate was concentrated to aqueous solution (2 liters) which was then extracted with 3.5 liters of ethyl acetate. The extract was dried over anhydrous Na2SO4 and evaporated to afford an oily residue. The oily residue was loaded on a silica gel column and compounds were eluted stepwise with 1.5 liters of ethyl acetate-n-hexane (1:1), then 1.5 liters of ethyl acetate-n-hexane (3:1) and finally 1.5 liters of methanol. Fractions showing activity were then applied separately to a Sephadex LH-20 (Pharmacia) column and 4.6 (6), 3.5 (7) and 3.0 (8). (39.6ppm) and C-9' (16.5ppm) correspond to those reported, respectively, and do not match the signals at 31.9 and 23.5ppm for the Z-configuration10). The allylic methyl group must be at C-3 position because its 13C
NMR chemical shift at 10.2 ppm7,11), not at C-2 position (around 19ppm)9,2). The major EI-MS fragments of 1 also support the whole structure: m/z 226 (M+ -C5H9), 212 (M+ -C6H11) and 173 (M+ -C9H15). Thus, the structure of CJ-13, 136 was established as shown as 1.
The major differences of CJ-13, 217 (2, C21H27NO) from CJ-13, 136 (1) are presence of an additional methyl group at 3.71/34.8ppm and lack of a NH-proton on the 1H and 13C NMR , which readily provides the structure of CJ-13, 217 as N-methyl-CJ-13, 136 (2).
The structure of CJ-13, 536 (3, C22H29NOS) was assigned as N-(methylthiomethyl)-CJ-13, 136 based on the following data: 1) correspondence of 1H and 13C NMR to those of CJ-13, 136 except for the lack of an NH-proton and additional signals of isolated methylene at 5.11/49.6 ppm and methylthio group at 2.19/14.4 ppm; 2)m/z 308 (M+ -SMe) fragment on the EI-MS; 3) NOEs from the methylene at 5.11 ppm to H-8 and H-1' by the NOE difference spectrum.
The major difference of CJ-13, 564 (4, C21H27NO2) from CJ-13, 217 (2) is the appearance of an C-6',7'-epoxy moiety (2.66/63.9 and 58.2 ppm) on 1H and 13C NMR, while it lacks the C-6' double bond (5.04/123.7 and 131.9ppm). Proton correlations from COSY and the base peak at m/z 240 (M+ -C5H9O) on El-MS support the structure 4.
The structure of CJ-13, 565 (5, C19H23NO) was determined by means of 1H NMR comparison to those of CJ-13, 136 (1): the appearance of H-3 at 6.17ppm and the lack of C-10 methyl group at 2.14ppm.
The structure of CJ-13, 566 (6, C20H25NO) was determined by means of 1H NMR comparison to those of CJ-13, 217 (2): the appearance of H-3 at 6.26ppm and the lack of C-10 methyl group at 2.21ppm.
The major differences of CJ-13, 567 (7, C20H25NO2) from CJ-13, 566 (6) are: 1) the appearance of hydroxy proton at 5.17ppm; 2) an oxymethine at 5.44 (or 5.38)/ 70.0ppm which is coupled to H-2' at 5.38 (or 5.44) ppm;
3) the disappearance of the methylene at 3.41ppm (H-1' ).
An NOE was observed between the oxymethine and 1V-methyl group. All of these data confirmed the position of the hydroxymethine, and the whole structure was assigned as 7. 1 H NMR analysis of CJ-13, 568 (8, C20H25NO2), including COSY, and comparison with the compounds 1 '7 suggested that CJ-13, 568 should have one transolefin and -CMe (OH)-unit between the N-methyl-2-substituted-4-quinolone and 4-methyl-3-pentenyl groups.
Some red-field shifts of the UV absorption maxima compared to those of CJ-13, 567 (7) suggest that the quinolone has extended conjugation by the substitution of trans-olefin at C-2 position, which suggests the whole structure to be 8. The sequential loss of fragments on EI-MS strongly support the structure: m/z 228 (M+ -4-methyl-3-pentenyl group) and 184 (M+ -C8H15O).
Biological Properties
The potencies of the quinolone compounds against H. pylori are summarized in Fig. 1 . Most potent is the epoxy derivative, CJ-13, 564 (4). Alterations of the terpene unit such as a double bond in place of the epoxide (2) and, addition of a hydroxy at C-1' (7) or C-3' (8) reduce activity. Quinolones with an N-methyl group seem to be more active than those without an N-methyl group (1 vs. 5 and 2 vs. 6). The new quinolone compounds are structurally related to aurachins C and D8), but the position of the terpenoid side-chain is opposite. They also resemble YM-3005913) and 2-(2-heptenyl) -3-methyl-4-quinolinol11,14), quinolones that have fatty acid-derived side-chains. Many quinolone derivatives have been reported with antimicrobial activities. However, as far as we know, these are the first quinolones reported as H. pylori-specific inhibitors. Some quinolone anti-microbials are known to inhibit electrontransport of the respiratory chain8) (note that the quinolones have some similarity to microbial menaquinones). Because the discovered quinolones seem to inhibit an H. pylori-specific target molecule which is not critical in the other tested microorganisms, one might speculate that the target is part of the respiratory chain of the microaerophilic H. pylori, but is not present in aerophilic microorganism. Table 2 ); l3C NMR (see Table 3 ) .
1411, 1315, 1271, 1177, 1155, 1113, 1073, 1036, Table 2 ) .
on silica gel TLC with a 254 nm fluorescent indicator and developed in a hexane: ethyl ether (85:15) system. UV-absorbing bands comigrating with a standard sample of vitamin K1 were scraped off and eluted with chloroform. The components of these mixtures were determined by the molecular ions present in their mass spectra (HP 5989 Particle Beam Mass Spectrometer). 
